Introduction
============

The development of antitumor necrosis factor α (anti-TNFα) therapy provided a major advance in the treatment of patients with rheumatoid arthritis (RA).[@b1-btt-12-171] Infliximab is a monoclonal antibody specific for TNFα that, when administered in combination with methotrexate (MTX), has been shown to be effective in treating patients with active RA. The pivotal multinational clinical study, ie, the Anti-TNF Trial in Rheumatoid Arthritis with Concomitant Therapy (ATTRACT), showed that repeated treatment with 3 or 10 mg/kg infliximab was more effective than MTX alone in reducing the disease activity of RA, inhibiting the subjects' joint damage, and improving their physical function.[@b2-btt-12-171],[@b3-btt-12-171]

It is well known that some RA patients need a dose escalation from their initial dose of infliximab in order to maintain their level of physical activity. The ATTRACT trial and the Safety Trial for Rheumatoid Arthritis with Remicade Therapy (START) study also demonstrated a significant association between RA patients' clinical responses and their trough serum infliximab levels.[@b4-btt-12-171],[@b5-btt-12-171] A dose-escalating study (RISING) that examined the impact of infliximab with MTX therapy on RA patients' radiographic and clinical responses based on their trough serum levels demonstrated a significant correlation between the trough serum level and the European League against Rheumatism (EULAR) response or Disease Activity Score in 28 joints (DAS28) remission.[@b6-btt-12-171] However, there was no significant difference in the incidence of adverse events (AEs) regardless of the infliximab dose.[@b6-btt-12-171] The RISING study also demonstrated that infliximab inhibited the progression of joint damage in most of the patients.

In the present retrospective study (the REVIVE study; Remicade in validation and effectiveness of the clinical response and radiographic outcomes in the dose escalation and de-escalation strategy), we compared the clinical and radiographic outcomes in the following two groups: patients who were administered the combination therapy of MTX with 3 mg/kg infliximab continuously (the contin group) as the controls and patients who were administered the combination therapy of MTX with 3, 6, or 10 mg/kg infliximab based on the assessment of their DAS28 values as the dose escalation and de-escalation strategy (the adjusted group). The results of our analyses indicate that based on the assessment of the DAS28 at week 104 in this series of RA patients, compared to the patients who took the minimum infliximab dose (3 mg/kg) continuously, the patients whose infliximab dose was adjusted showed improved disease activity and an inhibition of the progression of joint damage.

Patients and methods
====================

Patients
--------

The REVIVE study enrolled 21--81-year-old Japanese patients who had suffered from RA for ≥6 months and showed active disease based on the American College of Rheumatology (ACR) criteria[@b7-btt-12-171] despite previous treatment with a conventional synthetic disease-modifying antirheumatic drug (csDMARD) and who had received a stable MTX dose (up to 16 mg/week). The patients' RA was defined as ≥6 swollen joints and ≥6 tender joints and two or more of the following: C-reactive protein (CRP) ≥2.0 mg/dL; erythrocyte sedimentation rate (ESR) ≥28 mm/h; a global health score ≥20 mm on a 0--100 mm scale, ie, the patient's global assessment of disease activity (PtGA), where 0= best and 100= worst; investigator-documented evidence of bone erosion on radiographs; and a positive finding of anticyclic citrullinated peptide antibodies (ACPA) or rheumatoid factor (RF). The patients were screened for latent and active tuberculosis. Concomitant oral corticosteroids (stable dose ≤10 mg of prednisolone/day or equivalent) were permitted.

Patients were excluded if they had any other connective tissue disease with joint symptoms or therapy with other biological agents within 4 months before the initial infliximab infusion. Other exclusion criteria were as follows: a history of serious or opportunistic infection within 6 months before registration; active tuberculosis; hepatitis B virus, hepatitis C virus, or HIV carriers; and those with chronic infectious diseases.

Study design
------------

This study was conducted from 2009 to 2017 at a single center, Kindai University Hospital (Osaka, Japan). Two patient groups were studied from week 0 (initiation of infliximab) to week 104. All of the patients received 3 mg/kg infliximab at weeks 0, 2, and 6. In one group, the patients received the combination therapy of MTX with 3 mg/kg infliximab continuously for the 104 weeks in accordance with their physician's judgment (the contin group). In the other group, at week 14, the decision for infliximab dose escalation/de-escalation was made (with the patient's agreement) based on the patient's clinical response (the adjusted group).

In the adjusted group, the decision of whether to adjust the infliximab dose was then made every 8 weeks based on the patient's DAS28--ESR,[@b8-btt-12-171] which was calculated by a physician who treated the allocated treatment group during the entire study period. If the patient did not reach a DAS28 of \<3.2 for 4 months, the treating physician immediately adjusted the therapy by increasing the dose of infliximab. If the patient's clinical response was consistently adequate (a DAS28 of \<3.2 for ≥6 months), the dose of infliximab was decreased until it reached a stable dose. Following the starting dose of infliximab at 3 mg/kg, the dose of 3, 6, or 10 mg/kg infliximab was administered every 8 weeks from weeks 14 to 104 and the efficacy of the treatment was evaluated at weeks 26, 52, and 104.

The DAS28 calculations for dose adjustments were performed every 8 weeks, within 4 weeks before the next infusion of infliximab. If the patient's DAS28 was ≥3.2, the dose of the next infusion was increased to 6 mg/kg every 8 weeks and finally to 10 mg/kg every 8 weeks. If a patient still had a DAS28 of ≥3.2 while receiving MTX along with 10 mg/kg infliximab, the infliximab was switched to another biological agent. In the case of a persistent good response (a DAS28 of \<3.2 for ≥6 months), the dose of infliximab was reduced (from 10 to 6 and then to 3 mg/kg) at each next infusion.

Over the entire 2-year study period, csDMARDs (other than tacrolimus, iguratimod, and salazosulfapyridine), nonsteroidal anti-inflammatory drugs (NSAIDs), oral glucocorticoids (prednisolone 10 mg/day), and folic acid preparations were permitted at the stable dose from ≥4 weeks before the initial infliximab infusion. All patients received concomitant MTX throughout the study. The patient's dose of MTX had to be stable (ie, ≥6 mg/week; the approved maximum dose of MTX for RA in Japan is 16 mg/week) for \>4 weeks just before the initial infliximab infusion and over the entire study period. Prednisolone could be tapered and discontinued. If a patient's disease activity flared (ie, a DAS28 of ≥3.2 was observed) after the prednisone was tapered, the last effective dose was reintroduced. Prednisolone could be reintroduced only once: if, after a second discontinuation, the DAS28 increased again to ≥3.2, then, the next step in the protocol was taken. If side effects occurred, the responsible drug was reduced to the lowest tolerated dose. If a medication was not tolerated at all or was contraindicated, it was discontinued.

This study was conducted according to the principles expressed in the Declaration of Helsinki of 1983, and it was approved by the Research Ethics Committee of Kindai University of Medicine. In the guidelines for postmarketing observational studies in Japan, it is not necessary to obtain consent in all patients.[@b9-btt-12-171] However, we guaranteed the opportunity for refusal in an agreement with the patients and physicians because a written consent from all patients was not necessary.

AEs were evaluated until week 104. In the patients in whom treatment was discontinued, AEs were assessed until 12 weeks after the final medication administration.

Radiographic assessment
-----------------------

Plain radiographs of each patient's hands and feet were taken at baseline and at week 104 and evaluated and scored using the Steinbrocker class and the modified Sharp/van der Heijde scoring system.[@b10-btt-12-171],[@b11-btt-12-171] The baseline and week 104 radiographs were evaluated by two independent readers in accordance with reported methods.[@b10-btt-12-171],[@b11-btt-12-171] We calculated the mean changes from baseline in the modified total Sharp score (mTSS), the erosion score (ES), and the joint space narrowing score (JSN), with a range of 0--390. Radiographic nonprogression was defined as an mTSS score of ≤0.5. The smallest detectable change (SDC) is an estimate of the measurement error between readers of the films.[@b12-btt-12-171]

Assessment of clinical assessment
---------------------------------

The RA patients' demographic characteristics recorded at baseline included age, sex, disease duration, and current therapy. The endpoint for clinical response was the DAS28 at weeks 0, 26, 52, and 104. The EULAR response[@b13-btt-12-171] was evaluated at weeks 26, 52, and 104. At each visit, the following laboratory tests were performed. Efficacy endpoints included DAS28 values and the proportion of patients with DAS28 in EULAR responses, and the tender joint count (TJC), the swelling joint count (SJC) in 28 joints (both measured by the treating physician), and the PtGA. The laboratory parameters of CRP (mg/dL) and ESR (mm/h) were similarly assessed every 4 weeks from weeks 0 to 104. The RF (U/mL), ACPA (U/mL), and matrix metalloproteinase-3 (MMP-3; ng/mL) values were measured at baseline. The patient's physical function at baseline was evaluated as the Health Assessment Questionnaire-Disability Index (HAQ-DI).[@b14-btt-12-171]

Clinical remission was defined as achieving a DAS28 of \<2.6 and one or none of the following criteria (ACR/EULAR Boolean-based criteria)[@b15-btt-12-171]: the TJC, the SJC, the CRP, and the PtGA (a 100 mm VAS data converted to centimeter).

Safety
------

The treating physician recorded all AEs and serious AEs and, if necessary, made treatment adjustments in accordance with the protocol described earlier. Serious AEs were defined as any adverse reaction resulting in any of the following outcomes: a life-threatening condition or death, a significant or permanent disability, a malignancy, hospitalization, or prolongation of hospitalization, a congenital abnormality, and a birth defect. Laboratory test results (hematological, blood chemistry, and urinalysis), chest radiographs, and electrocardiograms were also evaluated.

Statistical analyses
--------------------

We used the GraphPad Prism software (GraphPad Software, San Diego, CA, USA) and JMP Statistical Software (SAS Institute Inc., Cary, NC, USA) for the statistical analyses. Summary statistics of mean and SD or median and IQR, when appropriate, is presented for continuous variables. Categorical variables are presented as percentages. Comparisons between independent means were conducted with the Mann--Whitney *U*-test. Relationships between categorical variables were evaluated by the Chi-squared test. We assessed the survival rate for infliximab treatment using the Kaplan--Meier method, and the difference in retention curves was examined by means of a log-rank test. *P*-values \<0.05 were considered statistically significant.

Results
=======

Baseline characteristics and patient disposition
------------------------------------------------

We retrospectively analyzed the cases of 90 patients with RA who received the combination therapy of MTX and infliximab. Of them, 50 patients were treated with infliximab 3 mg/kg continuously throughout the study (the contin group) and the other 40 patients underwent the dose escalation and de-escalation of infliximab (3, 6, and 10 mg/kg) on the basis of their DAS28 at week 14 (the adjusted group). [Table 1](#t1-btt-12-171){ref-type="table"} summarizes the baseline characteristics, laboratory findings, and treatment in the two groups.

There were no significant differences in the background between the two groups in age, sex, the disease duration, the percentage of bio-naive patients, the proportion of Steinbrocker class, the steroid and MTX dose, the positive percentage and titers of ACPA, RF, and MMP-3, clinical disease activity, HAQ-DI, or total Sharp score at baseline. Twenty-seven of the 50 patients (54.0%) in the contin group and 29 of the 40 patients (72.5%) in the adjusted group completed the study ([Figure 1](#f1-btt-12-171){ref-type="fig"}). In the contin group, the main reason for discontinuation was lack of efficacy (n=17) and there were AEs (n=6). In the adjusted group, the main reason for discontinuation was the lack of efficacy (n=6), economic problems (n=2) and the moving away (n=2) as the patient's request, and maintaining remission (n=1). There were no AEs in the adjusted group.

Infliximab treatment
--------------------

At week 14, the decision to use the dose escalation and deescalation strategy with infliximab was performed based on the individual patient's DAS28. Eighteen (45.0%) and nine (22.5%) of the 40 patients in the adjusted group received 3 mg/kg infliximab continuously at weeks 26 and 52, respectively ([Figure S1](#SD1-btt-12-171){ref-type="supplementary-material"}). Eight (20.0%) patients were taking 3 mg/kg infliximab at week 104: two patients who underwent dose reduction from 6 mg/kg infliximab and nine patients whose treatment was discontinued (four patients due to the lack of efficacy and four patients at the patient's request). After week 14, 17 (42.5%) and 18 (45.0%) patients underwent a dose escalation from 3 to 6 mg/kg at weeks 26 and 52, respectively. Fifteen (40.0%) patients were taking 6 mg/kg infliximab at week 104: two patients who underwent a dose reduction to 3 mg/kg and one patient who underwent a dose escalation to 10 mg/kg. Similarly, after week 14, three (7.5%) and five (12.5%) patients underwent a dose escalation from 6 to 10 mg/kg at weeks 26 and 52, respectively. Overall, six (15.0%) patients were taking 10 mg/kg at week 104 (including one patient who underwent a dose escalation from 6 mg/kg). The details of the dose escalation and de-escalation procedure are shown in [Figure S1](#SD1-btt-12-171){ref-type="supplementary-material"}.

Retention rate
--------------

The overall retention rate over the 104 weeks in the RA patients whose infliximab was withdrawn due to the lack of efficacy, the patient's request, or sustained remission is illustrated in [Figure 2A](#f2-btt-12-171){ref-type="fig"}. In the contin and adjusted groups, the retention rates (95% CI) were 58.3% (52.3--66.1) and 80.0% (71.1--87.1) at week 52 and 54.0% (47.1--61.3) and 72.5% (65.3--78.0) at week 104, respectively. The overall retention rate in the adjusted group was thus significantly higher than that in the contin group at weeks 52 and 104. The retention rate among the patients who experienced a lack of efficacy is shown in [Figure 2B](#f2-btt-12-171){ref-type="fig"}. The retention rates (95% CI) were 61.2% (55.1--67.3) and 88.8% (79.2--91.1) at week 52 and 61.4% (52.3--68.2) and 83.3% (75.3--88.0) at week 104 in the contin and adjusted groups, respectively. The retention rate in the adjusted group was significantly and notably higher than that in the contin group at weeks 52 and 104.

Clinical efficacy
-----------------

[Figure 3](#f3-btt-12-171){ref-type="fig"} shows the patients' DAS28 scores and EULAR responses at weeks 0, 26, 52, and 104. At weeks 26 and 52, there were no significant differences between the two groups. At week 104, the DAS28 scores were significantly higher in the contin group compared to the adjusted group (4.0±1.9 and 2.5±1.3; [Figure 3A](#f3-btt-12-171){ref-type="fig"}). [Figure 3B](#f3-btt-12-171){ref-type="fig"} shows the changes from the baseline in DAS28 score at weeks 26, 52, and 104. In the adjusted group, the changes from the baseline in DAS28 were significant compared to the contin group (−2.5±−2.1 vs −1.1±−1.9, respectively).

[Figure 3C](#f3-btt-12-171){ref-type="fig"} illustrates the EULAR responses at weeks 26, 52, and 104 in the two groups. The rate of responders (ie, those with a good or moderate response) at week 104 was 43.6% in the contin group and 87.5% in the adjusted group (\**P*\<0.05). Conversely, the proportions of nonresponder patients at week 104 were 56.4% in the contin group and 12.5% in the adjusted group.

The proportions of disease activity based on DAS28 and ACR/EULAR Boolean-based criteria were evaluated at baseline and weeks 26, 52, and 104 ([Figure 4A](#f4-btt-12-171){ref-type="fig"}). In addition, the proportions of patients achieving low disease activity (LDA) at weeks 26, 52, and 104 -- when LDA and remission based on the DAS28 (\<3.2 and \<2.6) and ACR/EULAR Boolean-based remission were evaluated -- were significantly different between the contin and adjusted groups ([Figure 4B](#f4-btt-12-171){ref-type="fig"}). At week 104, LDA based on the DAS28 (\<3.2) was achieved in 35% of the contin patients and in 68.5% of the adjusted patients. Remission based on DAS28 (\<2.6) was also achieved in 25% of the contin patients and in 47.5% of the adjusted patients. The rates of ACR/EULAR Boolean-based remission were 2.2 vs 22.7, 15.4 vs 26.5, and 16.7 vs 39% at weeks 26, 52, and 104 in the contin and adjusted groups, respectively.

We also estimated the effect of steroid tapering in the contin and adjusted groups ([Table 2](#t2-btt-12-171){ref-type="table"}). At baseline, the percentage of steroid users (52.3 vs 60.0%) and the steroid dose (3.8±5.1 vs 5.2±5.5 mg/day) were similar in the contin and adjusted groups. At week 104, the percentage of steroid users (36.4 vs 39.1%) and the steroid dose (1.7±2.5 vs 2.0±2.8 mg/day) in the contin and adjusted groups were decreased and the steroid dose had been tapered significantly compared to the values at baseline (\**P*\<0.05,). In contrast, the cumulative steroid dose at week 104 was not significantly different between the contin and adjusted groups at 1,866.1±2,285.7 vs 2,118.5±2,629.9 mg, respectively. However, the reduction of steroid dose in the adjusted group tended to be smaller compared to that in the contin group (−3.2±2.7 vs −2.1±2.6 mg) at week 104.

Radiographic progression
------------------------

At baseline and at week 104, 57 radiographs were assessed (32 in the contin group and 25 in the adjusted group). The two groups were similar at baseline with respect to the number of erosions, joint space narrowing, and TSS ([Tables 1](#t1-btt-12-171){ref-type="table"} and [3](#t3-btt-12-171){ref-type="table"}). The comparison of the contin and adjusted groups' baseline and week 104 radiographs showed a higher TSS with more erosions and joint narrowing spaces, but the difference was not significant at week 104 ([Table 3](#t3-btt-12-171){ref-type="table"}).

At week 104, there were significant differences between the contin and adjusted groups in the mean changes in TSS at 5.7 (5.1--6.3) vs 1.9 (1.5--2.3) and in erosions at 1.6 (1.2--2.0) vs 0.3 (0.1--0.5), respectively. There was no significant difference in joint space narrowing: 4.1 (3.7--4.5) vs 1.6 (1.1--2.1) in the contin and adjusted groups, respectively ([Figure 5A](#f5-btt-12-171){ref-type="fig"}). The percentages of patients with no progression of joint damage (improved or no change; ΔmTSS ≤0.5) were 40.0 in the contin group and 64.3 in the adjusted group (a nonsignificant difference; [Figure 5B](#f5-btt-12-171){ref-type="fig"}).

Safety assessments
------------------

At week 104, the cumulative rates of any AEs in the contin and adjusted groups were 34 and 30% and the cumulative rates of serious AEs were 18 and 12.5%, respectively ([Table 4](#t4-btt-12-171){ref-type="table"}). Serious AEs occurred in 18% of the contin group: five patients developed a serious infection (one patient with herpes zoster, one patient with cellulitis, and three patients with pneumonia), one patient incurred interstitial pneumonia, and three patients experienced an injection site reaction. Serious AEs occurred in 15% of the adjusted group: five patients developed a serious infection (three patients with herpes zoster and two patients with pneumonia) and one patient developed a malignancy. Discontinuations due to AEs occurred in 10% of the patients in the contin group: one patient developed interstitial pneumonia, one patient showed a drug rash, and three patients had injection site reactions. No opportunistic infections, tuberculosis, and lymphomas were observed. Overall, 20% of the contin and adjusted groups had an infection through week 104, with nasopharyngitis and upper respiratory tract infections the most frequently reported. None of the serious infections in either group led to treatment discontinuation, although almost all of the serious infections led to hospitalization. Throughout the 104-week study period, there were no significant differences between the contin and adjusted groups in the number of cases of interstitial pneumonia (2 vs 0%), malignancies (breast cancer; 0 vs 2.5%), or injection site reaction (12 vs 7.5%), respectively.

Discussion
==========

In a previous study, infliximab at 3 and 10 mg/kg given every 4--8 weeks for up to 2 years produced significant clinical, radiographic, and functional benefits in RA patients when added to background MTX therapy.[@b2-btt-12-171],[@b3-btt-12-171] However, some RA patients needed to be switched from infliximab treatment to other biological DMARDs due to an inadequate response. In general, switching these agents is a reasonable treatment strategy. In the SWITCH study, etanercept or adalimumab with an adequate or lower response in which RA patients were switched to infliximab.[@b16-btt-12-171] At week 10, approximately one-half of that study's patients achieved a significantly improved DAS28--ESR, but approximately one-half of the responding patients required an infliximab dose escalation. The START trial[@b17-btt-12-171] assessed infliximab dose escalation in RA patients who showed an inadequate response to 3 mg/kg infliximab or whose disease flared following an initial response. Approximately 30% of the infliximab-treated patients in the START trial underwent dose escalation, and 80% of the patients who received up to three 1.5 mg/kg dose escalations achieved a 20% improvement in the total tender and swollen joint count after their last infliximab dose.

In contrast, an analysis of data from the Stockholm Bio-logics Registry revealed that the improvement in efficacy following infliximab dose escalation was small.[@b18-btt-12-171] In the ATTRACT study, the ACR response in patients treated with 3 mg/kg every 8 weeks tended to be lower than the responses obtained with a higher dose or a shorter perfusion interval.[@b4-btt-12-171]

The pharmacokinetic analysis of serum samples from the ATTRACT patients showed that the serum level of infliximab was significantly more frequently undetectable in the patients treated with 3 mg/kg every 8 weeks compared to the patients treated with a higher dose (10 mg/kg) or a shorter treatment interval (every 4 weeks).[@b4-btt-12-171] More patients with detectable levels (\>0.1 g/mL) of serum infliximab preinfusion showed ACR responses compared to the patients without detectable infliximab levels. The ATTRACT authors suggested that shortening of the dose interval would be preferable to increasing the dose at a constant interval.[@b4-btt-12-171] The RISING study investigated the efficacy and safety of RA treatment with infliximab, comparing 10 and 6 mg/kg with 3 mg/kg.[@b6-btt-12-171] The clinical response of mean percentage ACR improvement, the primary endpoint of that study, was 58.3% in the 10 mg/kg group and 51.3% in the 3 mg/kg group, presenting a significant difference. In addition, regarding the changes in the DAS28 and the EULAR response criteria, significantly higher responses were observed in the 10 mg/kg group compared to the 3 mg/kg group. In the radiographic assessment, the progression of joint damage was inhibited in most of the patients. The percentages of patients with no progression of joint damage (improved or no change) in the 3, 6, and 10 mg/kg groups were 93.0, 87.0, and 94.7%, respectively. However, these results were not significantly different.[@b6-btt-12-171] The START and RISING studies were also limited by their 1-year study duration. Some of the patients in these studies might have responded if the study had continued for longer than 1 year.

As an extended investigation, the REVIVE study was conducted to evaluate the clinical responses and radiographic outcomes of RA patients who were eligible to undergo an adjustment of infliximab in a dose escalation strategy and a de-escalation strategy based on their DAS28 scores for 2 years. About 20% of the patients in the adjusted group did not require any dose escalation or de-escalation and continued to receive 3 mg/kg infliximab throughout the 104 weeks. At weeks 26 and 52, there were no significant differences in DAS28 scores between the adjusted and contin groups. At week 104, remarkable changes in the DAS28 and the EULAR response criteria were observed; a significantly higher percentage of good responses was observed in the adjusted group compared to the contin group.

In addition, at week 104, nearly 50% of the patients achieved a significantly higher remission rate in the DAS28 (25 and 47.4% of the contin and adjusted groups, respectively) and in the ACR/EULAR Boolean-based criteria (16.7 and 39% of the contin and adjusted groups, respectively). Regarding the joint damage progression shown by the radio-graphic assessment, the changes in mTSS from baseline were significantly inhibited and radiographic nonprogression at week 104 was achieved at a higher rate in the adjusted group (64.3 and 40% in the adjusted and contin groups, respectively). These results indicate the importance of RA patients' clinical responses and radiographic assessment, as highlighted by the difference between the two groups after week 52.

Infliximab treatment has shown overall lower retention rates compared to adalimumab and etanercept.[@b19-btt-12-171] The retention rate for infliximab is in accordance with that in the Danish DANBIO registry, with a half-life of −2 years, and the authors of that study[@b19-btt-12-171] reported that the difference in the retention rate was most pronounced for withdrawal due to AEs but was also significant for infliximab compared to etanercept in the patients who withdrew due to the lack of efficacy. In contrast, a German registry showed that the short-term drug survival rates were similar for etanercept and infliximab.[@b20-btt-12-171] In the REVIVE study, the overall retention rate was higher than that in the DANBIO report at week 104.[@b19-btt-12-171] In addition, the retention rate in our adjusted group was increased compared to that in the contin group, but there was no significant difference in the retention rate between the two groups through week 104.

In contrast, the rate of adverse effects (including serious infections) in our patients who underwent the dose escalation and de-escalation strategies was not increased compared to the rate among the patients who underwent the continuous 3 mg/kg infliximab treatment. As observed in other investigations,[@b5-btt-12-171],[@b6-btt-12-171] patients with and without dose escalations did not show increased rates of AEs, serious AEs, infections, or serious infections.

As a retrospective study, the REVIVE study has some limitations. First, the lack of randomization and blinding may have resulted in bias by indication, channeling bias, and performance bias. Second, the disease duration in the adjusted group was shorter than that in the contin group, although no significant between-group differences in disease activity or radiographic findings were seen at baseline. Third, the study was also limited by the 2-year study duration. We cannot discuss the retention rate, clinical response, radiographic assessment, or safety profile at time points beyond 2 years.

The availability of biological agents has changed the treatment goals in patients with RA. Since treatments with biological agents are expensive, the increasing use of these agents represents a significant economic burden to society.[@b21-btt-12-171] In Japan, the mean total drug costs for 1 year of 3, 6, and 10 mg/kg infliximab therapies are 965,000 yen (\$8,600 US dollars), 1,930,000 (\$17,000), and 2,900,000 (\$26,000), respectively -- calculated using 60 kg (\~132 lbs) as the average adult Japanese body weight. In Japan's universal health care insurance system, the expenditures for the treatment of nonelderly and elderly patients differ. In general, the costs paid by patients \<75 and ≥75 years are 30 and 10% of the total drug costs, respectively. In the present study, the infliximab therapy of two adjusted group patients who were \<75 years had to be suspended due to the patients' financial issues. The initial intensive therapy approach that used in the REVIVE study may be favorably economical for patients. Intensive therapy for the rapid achievement of stable LDA or remission has been associated with the maintenance of response upon tapering/withdrawal.[@b22-btt-12-171] The possibility of the tapering and the discontinuation of biological agents after LDA and remission are achieved must be considered, because of both the potential long-term safety issues and the economic burden associated with their expense.

Conclusion
==========

RA patients who did not respond to the initial dose of 3 mg/kg infliximab and those who initially responded but subsequently flared showed improved clinical responses and radiographic assessments after a dose escalation of infliximab treatment based on the assessment of the DAS28, without an increased risk of serious AEs, including serious infections.

Supplementary material
======================

###### 

Patients' disposition.

**Notes:** The primary reasons for discontinuation are listed. In the adjusted group, the escalation and de-escalation of the infliximab dose were selected based on the individual patient's DAS28 with the clinical response at week 14. The decision was reconsidered every 8 weeks. If the patient did not reach a DAS28 of ≥3.2 for 4 months, the infliximab dose was increased (6 or 10 mg/kg). If the clinical response was consistently adequate (DAS28\<3.2 for ≥6 months), the infliximab dose was gradually de-escalated until the dose remained at a maintenance dose or the infliximab was discontinued (for patients in remission). The starting infliximab dose of 3 mg/kg (n=40) at week 14 was adjusted as 3, 6, or 10 mg/kg every 8 weeks. At week 26, the numbers of patients who were treated with infliximab at 3, 6, and 10 mg/kg were 18, 17, and 3, respectively. The treatment of two patients was discontinued at week 26 (lack of efficacy). At week 52, the numbers of patients treated with infliximab at 3, 6, and 10 mg/kg were 9, 18, and 5, respectively. Some patients were escalated from 3 to 6 mg/kg (n=2) and 10 mg/kg (n=1) via 6 mg/kg and from 6 to 10 mg/kg (n=1). As of week 52, the treatment of six patients was discontinued due to the lack of efficacy (n=2), the patient's request (n=3), or remission (n=1). At week 104 as the endpoint, the numbers of patients treated at 3, 6, and 10 mg/kg infliximab were 6, 10, and 6, respectively. Some patients were de-escalated from infliximab 6 to 3 mg/kg (n=2) and escalated from infliximab 6 to 10 mg/kg (n=1). As of week 104, the treatment of four patients was discontinued due to the lack of efficacy (n=2) and the patient's request (n=1).

**Abbreviation:** DAS28, Disease Activity Score in 28 joints.
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![Patient flow chart.\
**Notes:** As controls, the contin group received 3 mg/kg infliximab continuously without DAS28 assessments from baseline (week 0) to week 104. The patients in adjusted group received 3, 6, or 10 mg/kg infliximab with DAS28 assessments as the strategy of dose escalation and de-escalation. If the patient did not reach a DAS28 of ≥3.2 for 4 months, the treating physician immediately adjusted the regimen by proceeding to the dose-escalation protocol. If the clinical response was consistently adequate (DAS28\<3.2 for ≥6 months), the infliximab was gradually de-escalated until it remained at a maintenance dose. Starting from infliximab 3 mg/kg, infliximab at doses 3, 6, or 10 mg/kg was administered every 8 weeks from weeks 6 to 104, and the efficacy was evaluated at weeks 26, 52, and 104.\
**Abbreviations:** DAS28, Disease Activity Score in 28 joints; RA, rheumatoid arthritis.](btt-12-171Fig1){#f1-btt-12-171}

![Retention rate.\
**Note:** Kaplan--Meier curves for the contin and adjusted groups regarding the time to withdrawal for any reason due to the lack of efficacy, adverse effects, or the patient's request (**A**) and due to the lack of efficacy (**B**) from the start of infliximab to week 104. \**P*\<0.05, contin group vs adjusted group.](btt-12-171Fig2){#f2-btt-12-171}

![DAS28 and the EULAR response.\
**Notes:** (**A**) Time course of the DAS28 through week 104 following the initiation of infliximab treatment in the contin and adjusted groups (\**P*\<0.05). (**B**) Time course of the changes in the DAS28 from the baseline at weeks 26, 52, and 104 as the clinical response to infliximab treatment (\**P*\<0.05). (**C**) By comparing the DAS28 scores of a patient at different time points of baseline and the estimation at weeks 26, 52, and 104, it is possible to define an improved response. The rate of responders (ie, those with a good or moderate response) at week 104 was 43.6% in the contin group and 87.5% in the adjusted group (\**P*\<0.05). The EULAR responses were categorized as follows. No response: DAS28 improvement ≤0.6 in present DAS28≤3.2, \>3.2, ≤5.1, and \>5.1 and DAS28 improvement \>0.6 and ≤1.2 in present DAS28\>5.1. Moderate response: DAS28 improvement \>0.6 and ≤1.2 in present DAS28≤3.2, \>3.2, and ≤5.1 and DAS28 improvement \>1.2 in present DAS28\>5.1, \>3.2, and ≤5.1. Good response: DAS28 improvement \>1.2 in present DAS28≤3.2. \**P*\<0.05, contin group vs adjusted group.\
**Abbreviations:** DAS28, Disease Activity Score in 28 joints; EULAR, European League against Rheumatism.](btt-12-171Fig3){#f3-btt-12-171}

![Remission rate in DAS28 and ACR/EULAR Boolean-based criteria.\
**Notes:** (**A**) Clinical response at baseline and weeks 26, 52, and 104 in the contin and adjusted groups according to DAS28 criteria. (**B**) DAS28-based low disease activity and remission and ACR/EULAR Boolean-based remission rates at weeks 26, 52, and 104 by the Chi-squared test (\**P*\<0.05, \*\**P*\<0.01, and \*\*\**P*\<0.001). The disease activity and criteria in the DAS28 and ACR/EULAR Boolean-based remission were categorized as follows. The DAS28 criteria: high: 5.1\< DAS28, moderate: 3.2≤ DAS28≤5.1. Low: 2.6≤ DAS28\<3.2. Remission: DAS28\<2.6. ACR/EULAR Boolean-based remission: TJC, SJC, PtGA, and CRP all ≤1.\
**Abbreviations:** ACR, American College of Rheumatology; CRP, C-reactive protein; DAS28, Disease Activity Score in 28 joints; EULAR, European League against Rheumatism; PtGA, patient's global assessment of disease activity; SJC, swelling joint count; TJC, tender joint count.](btt-12-171Fig4){#f4-btt-12-171}

![Joint damage in radiographic assessment.\
**Notes:** The progression of joint damage in the contin and adjusted groups according to the mTSS at week 104. (**A**) The change in mTSS from baseline. (**B**) The rate of patients with progression, no change, or improvement in the mTSS (ΔmTSS ≤0.5), \**P*\<0.05.\
**Abbreviation:** mTSS, modified total Sharp score.](btt-12-171Fig5){#f5-btt-12-171}

###### 

Baseline demographic and disease characteristics

                                       Contin group Infliximab 3 mg/kg, n=50   Adjusted group Step-up and -down, n=40
  ------------------------------------ --------------------------------------- ----------------------------------------
  Age, years                           55.2±13.8                               53.7±12.6
  Female, %                            62                                      77.5
  RA duration, months                  80.4±103.6                              53.4±50.4
  Bio naive, %                         86.7                                    85.0
  MTX dose, mg/week                    7.7±2.6                                 6.8±2.6
  Steroid use at baseline, %           52.3                                    60.0
  Steroid dose, mg/day                 3.8±5.1                                 5.2±5.5
  ACPA positive, %                     83.8                                    84.4
  Titer, U/mL                          268.1±514.4                             182.3±230.7
  RF positive, %                       73.3                                    71.4
  Titer, U/mL                          103.5±135.4                             99.1±115.7
  DAS28                                4.7±1.5                                 5.1±1.1
  TJC, 28 joints                       6.2±6.2                                 6.8±6.0
  SJC, 28 joints                       5.5±4.8                                 7.2±5.7
  PtGA, mm                             52.7±26.6                               57.3±23.4
  ESR, mm/h                            31.5±24.2                               33.2±24.2
  CRP, mg/dL                           1.9±2.3                                 3.0±4.0
  MMP-3, ng/mL                         388.3±124.9                             398.5±132.5
  HAQDI                                0.9±0.8                                 1.1±0.8
  Steinbrocker class, I/II/III/IV, %   42.9/31.4/11.4/14.3                     36.7/30.0/13.3/20.0
  Total Sharp score, 0--448, (IQR)     22.2 (7.9--33.6)                        25.5 (7.3--42.6)

**Note:** Values are median (25th to 75th percentiles) or mean±SD, unless otherwise indicated.

**Abbreviations:** ACPA, anticitrullinated peptide antibody; CRP, C-reactive protein; DAS, Disease Activity Score; ESR, erythrocyte sedimentation rate; HAQDI, Health Assessment Questionnaire Disability Index; MMP-3, matrix metalloproteinase-3; MTX, methotrexate; PtGA, patient's global assessment of disease activity; RA, rheumatoid arthritis; RF, rheumatoid factor; SJC, swollen joint count; TJC, tender joint count.

###### 

Steroid treatment at week 104

                                  Contin group                                         Adjusted group
  ------------------------------- ---------------------------------------------------- ----------------------------------------------------
  Steroid use, %                  36.4[\*](#tfn4-btt-12-171){ref-type="table-fn"}      39.1[\*](#tfn4-btt-12-171){ref-type="table-fn"}
  Steroid dose, mg/day            1.7±2.5[\*](#tfn4-btt-12-171){ref-type="table-fn"}   2.0±2.8[\*](#tfn4-btt-12-171){ref-type="table-fn"}
  Cumulative steroid dose, mg     1,866.1±2,285.7                                      2,118.5±2,629.9
  Reduction of steroid dose, mg   −2.1±2.6                                             −3.2±2.7

**Notes:** Values are mean±SD, unless otherwise indicated.

*P*\<0.05, the percentage and dose at baseline vs those at week 104.

###### 

Radiographic progression

                          Contin group                          Adjusted group     
  ----------------------- ------------------ ------------------ ------------------ ------------------
  Total Sharp score       22.2 (7.9--33.6)   27.9 (9.0--41.1)   25.5 (7.3--42.6)   27.4 (8.3--44.0)
  Erosion score           12.4 (1.0--23.4)   13.8 (2.3--25.3)   7.6 (0.6--14.5)    7.9 (1.2--1.5)
  Joint space narrowing   9.8 (1.4--18.1)    14.1 (3.5--24.7)   17.9 (3.4--52.3)   19.5 (4.1--34.9)

**Note:** Data are median and (IQR).

###### 

Safety assessment of the infliximab + methotrexate regimen

                                                     Contin group, n (%)   Adjusted group, n (%)
  -------------------------------------------------- --------------------- -----------------------
  Any AE                                             17 (34.0)             12 (30.0)
  Serious AEs                                        9 (18.0)              6 (15.0)
  AEs leading to the discontinuation of infliximab   5 (10.0)              0 (0)
  Infections                                         10 (20.0)             8 (20.0)
  Serious infection                                  5 (10.0)              5 (12.5)
  Infections leading to study discontinuation        0 (0)                 0 (0)
  Interstitial pneumonia                             1 (2.0)               0 (0)
  Malignancy                                         0 (0)                 1 (2.5)
  Injection site reaction                            6 (1)                 3 (7.5)

**Notes:** Serious AEs as judged by the patients' treating physicians. The patients who exhibited one or more AEs leading to the discontinuation of infliximab were only in the contin group. Discontinuations due to AEs occurred in five patients (one patient with interstitial pneumonia, one patient with cellulitis, and three patients with injection site reactions).

**Abbreviation:** AEs, adverse events.
